To help clarify the optimal surgical strategy for idiopathic, symptomatic ulnar nerve compression at the elbow in terms of overall outcome and morbidity by using objective criteria. METHODS: Forty-four surgical candidates were recruited prospectively and were randomized into the neurolysis (n ϭ 23) or transposition (n ϭ 21) arm of the study. Preoperative and postoperative outcomes were assessed symptomatically and by performance on McGowen and Louisiana State University Medical Center grading systems at 1 month, 6 months, and 1 year. RESULTS: Both procedures were equally effective in producing objective neurological improvement (61% in the neurolysis group, 67% in the transposition group). Wound complications, however, were more significant in the transposition group. Three of 21 in the transposition group compared with 0 of 23 in the neurolysis group experienced a deep wound infection. CONCLUSION: Idiopathic symptomatic ulnar nerve compression at the elbow is adequately treated by both neurolysis in situ and submuscular transposition. Submuscular transposition was associated with a higher incidence of complications. The authors therefore suggest the simpler procedure of neurolysis in situ as the treatment of choice. Submuscular transposition remains appropriate in certain circumstances.
T
he optimal surgical technique in the management of idiopathic ulnar neuropathy at the elbow has not yet been convincingly demonstrated. This has been primarily because of the absence of high-level objective comparisons, despite extensive literature on the subject. Contributing to the difficulty is the diversity of competing surgical techniques available.
The two major categories of operation currently practiced are in situ decompression and transposition. Transposition has become popular because it attempts to address the dynamic compression of the ulnar nerve, seen on elbow flexion (26, 31) . This procedure is shunned by others because it is more extensive and the external vascularity of the nerve is threatened (3, 9, 17, 39) . In situ releases are technically easy, quick, and usually effective. However, they do little to address dynamic compression. Where there is marked bony deformity, or in cases of a subluxing ulnar nerve, or as a salvage procedure, there is a general acceptance that either a transposition or medial epicondylectomy is indicated (8, 11, 37) . Outside of these indications, however, there is far greater diversity of opinion.
Recently two prospective, randomized studies were published, both of which compared simple decompression with a popular form of transposition (7, 18) . We present another randomized study comparing simple decompression with submuscular transposition, which we believe helps to answer the question of which of these surgical approaches is optimal in idiopathic ulnar neuropathy.
PATIENTS AND METHODS

Patients
Between August 1993 and June 1998, 58 patients were treated surgically for ulnar nerve entrapment at the elbow. In each patient, the diagnosis was made on clinical grounds and was confirmed electrophysiologically. Mild neuropathies had failed conservative measures. The purpose of the study was explained to each patient, and each was given the opportunity to participate. Exclusion criteria included: 1) repeat surgery, 2) prior fracture or dislocation at the elbow, 3) tumors, 4) subluxing ulnar nerve syndrome, 5) unwillingness to participate in the study. Randomization was achieved at the time of first consultation through computer-generated random numbers, with even num-bers undergoing neurolysis and odd numbers undergoing submuscular transposition.
Of the 58 patients considered for the study, 11 were excluded for the following reasons: prior surgery (n ϭ 2), prior fracture or dislocation (n ϭ 1), tumors (n ϭ 4), subluxing ulnar nerve syndrome (n ϭ 3), and unwillingness to participate in the study (n ϭ 1). Three patients were lost to follow-up, leaving 44 patients to be analyzed for the study. All operations were performed by the lead author under strict aseptic conditions, and technically each procedure strictly conformed to established, previously described methodology (28) . In terms of patient demographics, the two groups were not significantly dissimilar (Table 1) , although low-grade lesions comprised a larger proportion of the neurolysis group ( Table 2) .
Early and late follow-up was performed by the lead author and senior registrars at 6 weeks, 6 months, and 1 year. All patients who were not asymptomatic at the 1-year review were reviewed again clinically or contacted by phone in 2001 as part of the late follow-up. Telephone interviews assessed pain levels, subjective sensory and motor function, and functionality based on a predetermined set of questions. Outcomes were evaluated by clinical examination using the four-tiered McGowan ( Table 2 ) and the six-tiered Louisiana State University Medical Center (LSUMC) grading systems ( Table 3) . Diagnostic nerve conduction studies were performed in all patients before surgery, but in less than 50% of patients after surgery. Because of the relatively low numbers, we believed that further evaluation would contribute little to the existing literature.
Operative Technique
Standard procedures were used. All patients underwent general anesthesia. For simple neurolysis, a curved incision was used, convex anteriorly and centered on the medial epicondyle. The excision started 4 cm proximal to the epicondyle and ended 4 cm distal, with the two ends in line with the course of the ulnar nerve. The nerve was inspected and externally decompressed proximally by dividing the intermuscular septum, decompressing at the medial epicondyle and cubital tunnel, and distally through the arcuate fascia and flexor corpi ulnaris origin. The nerve was left in its anatomic bed, rather than performing a 360°decompression. Submuscular transpositions were performed in the standard way as described by Kline and Hudson (28) . The course of the transposed nerve was checked for kinking or compression visually and manually by flexing and extending the arm before closure. Both groups were treated in otherwise identical ways. A preoperative povidone-iodine scrub to the arm was performed and iodine-impregnated steridrapes were applied after draping. Intraoperative nerve action potentials were not recorded. Routine intravenous antibiotics were not used. After surgery, a crepe bandage was applied to the wound and left for 3 days, and early mobilization encouraged.
RESULTS
For a meaningful assessment, we subdivided the two groups into high-, medium-, and low-grade lesions based on objective criteria (see Table 2 ). There was a 98% correlation between the four-tiered McGowan system and the six-tiered LSUMC system when the following system was used: 1) lowgrade lesions, McGowan 0 or 1 and LSUMC 5; 2) mediumgrade lesions, McGowan 2 and LSUMC 3 and 4; 3) high-grade lesions, McGowan 3 and LSUMC 0 to 2. Using these divisions, only one patient (from the neurolysis group) fell into two different grades between the systems: Grade 3 McGowan (high grade) and Grade 3 LSUMC (medium grade). Note that McGowan Grade 0 is asymptomatic, but there is no corresponding Grade 6 in the LSUMC system. The general group results are summarized initially, followed by a subgroup analysis where appropriate.
In overall terms for the neurolysis group, 57% (13/23) improved in their McGowan grades and 61% (14/23) improved in LSUMC grading. In the transposition group, 45% (9/21) improved using the McGowan system and 67% (14/21) according to the LSUMC system. Considering all subgroups together, there was no statistical significance in the difference in outcomes when the above objective criteria was used (P Ͼ 0.25, 2 test). When medium-and high-grade cases were considered together (LSUMC Grades 0-4), there was a total of 17 of 23 patients in the neurolysis group and 19 of 21 in the transposition group. In this dominant subgroup, where all objective improvements can be recognized, there was improvement in 82% (14/17) of the neurolysis group and in 68% (13/19) of transposition group. There was also no statistical significance in this difference (P Ͼ 0.25, 2 test and Yates continuity correction). For low-grade lesions (LSUMC Grade 5 and McGowan 1), there was symptomatic improvement in all patients. This correlated with objective improvement in McGowan grading of 83% (5/6) in the neurolysis group and 100% (2/2) in the transposition group. (Objectively, it is not possible to improve from a LSUMC Grade 5). In the small subgroup of patients with high-grade neuropathy, there was no clinical or statistical difference in outcome between the two groups. All three patients within the neurolysis group improved objectively, and only one of five in the transposition group failed to improve neurologically. Figure 1 illustrates this data for the neurolysis and transposition groups, respectively. Each patient is grouped according to their preoperative grade along the x axis. Within that subgroup, they are then dispersed vertically according to their final LSUMC allocation, as indicated by the color coding.
Complications
No person was made worse by the surgery neurologically, and only one patient failed to improve symptomatically. However, there was a concerning number of complications relating to the surgical wound, including infection, keloid formation, a delayed hematoma, and one minor wound dehiscience. One patient was also reexplored for persisting pain. Wound infections were divided into superficial and deep types. Superficial infections were considered to be present whenever there was persisting redness of the wound edge with no discharge.
These patients were given a course of oral antibiotics, 2 of 23 in the neurolysis group and 4 of 21 in the transposition group. Of greater significance, however, were the three deep wound infections occurring in the transposition group that required hospitalization and intravenous antibiotics. Two of them required operative debridement. In one patient, profuse Methicillin-sensitive Staphylococcus aureus was isolated. Intravenous antibiotics and dressings were applied. In the second patient, several colonies of coagulase-negative Staphylococcus aureus were grown, but probably represented a contaminant. A delayed primary closure was performed 10 days after the initial debridement. The third patient, with a presumed deep infection, had regional swelling, tenderness, and local cellulitis. He was managed initially with empiric oral antibiotics. Wound swabs were negative. He required reexploration 8 months after the initial procedure for persisting pain. Extensive scarring was found. Symptoms improved, but only marginally, and there was no objective neurological change. Among these patients, there were no unequivocal risks factors for infection. The difference in infection rates approached but did not reach statistical significance if only deep infections were considered (P Ͻ 0.25 and P Ͼ 0.1, 2 approximation). The wound dehiscience was also from the transposition group. In this case, there was a minor parting of the proximal end of the wound, which was managed without surgery. The hematoma occurred in a patient from the neurolysis group. He sought treatment 6 weeks after surgery after aspirin had been recommenced for ischemic heart disease, and he required surgical evacuation. Minor trauma was probably involved. Keloid complicated three wounds in the neurolysis group and two from the transposition group. All were managed conservatively.
DISCUSSION
Pioneers in Ulnar Nerve Surgery and Retrospective Data
The existing range of surgical techniques has been described thoroughly and has been well practiced over the latter half century. The pioneers include Learmonth (submuscular transposition, 1942), King and Morgan (medial epicondylectomy, 1950), Osborne (in situ decompression, 1957), Harrison and Nurrick (subcutaneous transposition, 1970), and Catalano, who in 1980 described the intramuscular placement after transposition. Their contributions are well summarized and honored by Bartels (5) . Each of these techniques, when performed by skilled surgeons, have achieved good results in the management of ulnar neuropathy of the elbow (1, 2, 5, 6, 8, 10,  11, 14-16, 23, 25, 27, 29-32, 33, 37) .
When considering the collective literature of case series and expert opinion, the results were variable and, of course, opposing opinions were found on preferred technique. Justification for recommendations mainly were based on avoiding associated complications of the alternative techniques or an inability to address the perceived pathophysiology adequately (9, 15, 19, 24, 
36).
Those who argue for simple decompression point out the potential for ischemia when the nerve is separated from its primary blood supply, whereas those who argue for transposition point out the inability of in situ release to relieve dynamic stresses in flexion and the possibility of an adequate intrinsic blood supply to the mobilized nerve (6, 9, 19, 21, 26, 35) . Others have suggested transposing the nerve along with its external blood supply (34) . A smaller group advocate partial or minimal epicondylectomy in combination with decompression to achieve both simplicity of procedure and dynamic decompression (16, 22, 33) . The potential for complications, however, including elbow instability, local pain and tenderness, and reduced hand strength, has received great attention, with some controversy over their significance (6, 22) . One of the difficulties in assessing ulnar nerve surgical literature relates to the large number of clinical grading systems that have been used to assess outcome (see Table 5 ). On occasion, the nonspecific terminology and broad grouping of outcomes is a limiting factor, whereas at other times, complex numbering systems are used based on preoperative symptoms in addition to motor and sensory findings and electrophysiology (8) . This has made interstudy comparisons extremely difficult. In contrast, some of the established grading systems, we believe, have excellent objectivity and would allow for easy interstudy comparison. The McGowan system (see Table  1 ) is older and simple to use, and the recent addition of an asymptomatic grade (G 0 ) was helpful (4). The LSUMC system, although more tedious to apply, has much greater sensitivity for detecting clinical change and is therefore ideal as a research tool. Both systems are easily reproducible.
Another limiting factor is the relatively small number of idiopathic cases reported, in some studies as low as 30% (11, 14) . Most authors intuitively agree that the presence of a structural abnormality of the elbow or hypermobility of the nerve constitute good indications for a transposition in addition to external neurolysis, although the degree of abnormality for which this is appropriate is less obvious.
The problem has arisen, however, in attempts to compare techniques objectively between studies to ascertain if there is an overall advantage with a particular approach. This simply relates to the large number of permutations possible with regard to outcome assessment and, of course, the problem of deciding which of the many techniques to compare. This difficulty is highlighted in Table 5 , which is comprised of available retrospective comparisons relating to simple decompression and transposition. It can be seen that there is considerable diversity in the evaluation measures used, the study populations, and study designs, making meaningful comparisons quite difficult. Common themes included a general recommendation for transposing nerves that sublux, and an acknowledgment of the somewhat greater risks and complexity involved in performing this operation. In essentially all other aspects, including other indications for a transposition, the predictive value of age, symptoms, and electromyography, and even the significance of which operation is used, opinion was divided (1, 8, 10, 11, 14, 31, 37) . Subsequent retrospective studies have produced recommendations spilling equally on both sides of the management fence (8, 11, 12, 21, 26, 38, 40, 41) .
Prospective Studies
Until recently (see Table 6 ), the only prospective study comparing these two approaches was by Adelaar et al. (1) . The study was designed primarily to assess the importance of preoperative clinical and electrical factors, in addition to surgical technique, in determining outcome. They compared three different surgical techniques in 32 patients. The surgical groups were highly unequal in size and follow-up was relatively short, but overall transpositions were thought to fare better (1/7 after neurolysis as opposed to 7/30 after transposition were considered to have a good outcome). The difference in outcome was not statistically significant, and nonsurgical factors were deemed more important in determining overall outcome. Gervasio et al. (18) produced the first recognized randomized, prospective study in January 2005. Methodologically, the study was very sound with independent and blinded neurological assessment of patients before and after surgery. However, it was exclusive to those patients classified as having severe cubital tunnel syndrome, Dellon Grade 3. Clinically, functionally and electrophysiologically, the outcome between the two groups, each with 35 patients, was essentially identical.
In March 2005, the second recognized prospective, randomized study was published. Bartels et al. (7) compared simple decompression with subcutaneous transposition for idiopathic neuropathy. The study was relatively large with 152 patients assessed. Their results also strongly indicate that simple decompression and subcutaneous transposition are equally effective methods of treatment. The transposition group had a higher complication rate. The authors therefore favored simple decompression because of its surgical simplicity and reduced complication rate.
Discussion of Current Study
Our study design focused on clinical outcome. We have acknowledged the importance of considering the underlying pathophysiology and that there seems to be subsets for which one procedure would be preferred, and therefore we have not included them. For the least controversial group, those with idiopathic ulnar neuropathy, we found no difference in outcome between the two techniques. The more complex LSUMC grading system was far more sensitive in detecting improvement in the medium to severely affected patients, but between no two comparable subgroups was there any statistically significant difference in outcome. We were able to establish reproducible, objective improvement in more than 60% of patients in both subgroups, confirming the overall efficacy of surgery. The numbers were too small to suggest an advantage with either technique in severe neuropathy. Patients were not reviewed independently, which does open the results to operator bias. However, it is our view that if there were any operator bias, it would be equally distributed across the two groups. Because this study is a comparison between two groups, the effect should not be significant. It also should be noted that the authors did not set out with any preference toward either of these well-established techniques. Because of the small study size, we also acknowledge that the supporting statistical analysis and power of the study is limited. However, the end point of the comparison was clinically driven, and given the significance of deep infection, it was believed that after the third infective complication, it would have been inappropriate to continue. Until the recent publication by Gervasio et al., there was scant reference in the literature to any infectious complications after ulnar nerve operations. One case was reported by Hagstrom (20) , presumably after a transposition. Dellon (13) also acknowledged the theoretical risk associated with muscle detachment and reattachment, required for submuscular placement. With regard to our own study, we have no clear explanation. The patients were not consecutive and occurred in different hospitals, making a systemic cause unlikely. There was also no change to the surgical method. There was, however, no routine use of prophylactic antibiotics, which subsequently was instituted. It is 
CONCLUSION
In cases of idiopathic ulnar nerve compression at the elbow or cubital tunnel syndrome, both simple neurolysis and submuscular transposition, in addition to neurolysis, are effective in improving clinical outcome. There seems to be no statistically significant advantage of one technique over the other. Our series is in complete agreement with the two other recently published randomized prospective studies (7, 18) . We recommend simple neurolysis as the preferred procedure. In addition to the reduced operating time and technical ease, it is less prone to deep infection. We also argue for standardization of the clinical assessment process to allow for future objective interstudy comparisons.
randomized prospective study comparing in situ ulnar nerve decompression to submuscular transposition of 44 patients is presented by Biggs and Curtis. The current article nicely augments two recent randomized controlled studies published in Neurosurgery (1-3) . Interestingly, these reports all demonstrate similar findings, as indicated by the data of Biggs and Curtis. Specifically, there seems to be no significant difference in all three studies with decompression compared with submuscular transposition. All three studies also indicate a higher complication rate with the more involved transposition procedure. In the study by Biggs and Curtis, Table 6 nicely summarizes the key points and comparisons. A substantial criticism of any of these studies would be that the sample sizes are somewhat insufficient to exclude a Type II error. However, if one were to consider these studies collectively, I think the data is rather convincing and strongly favors a simple decompression for most patients with ulnar neuropathy at the elbow.
My own practice in the past 10 years has evolved from one of almost exclusively transpositions to simple in situ decompressions in more than 90% of patients. The operation takes less than an hour and is performed with local anesthesia, augmented with intravenous sedation in the anxious patient. External 360-degree neurolysis of the nerve is not done, and it is extremely rare for the nerve to sublux, with elbow flexion/extension maneuvers after decompression is completed. Transpositions are reserved for subluxing nerves (rare), elbow joint deformity (especially tardy ulnar palsy), and for reoperations that have failed either decompression or previous transposition. From an unpublished analysis of approximately 100 consecutive decompression cases, the vast majority have had a good to excellent outcome, with less than 2% incidence of wound complications, and no need for reoperation.
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